The exposure conditions which produce hind limb paralysis in 10%, 50%, and 90% of mouse neonate specimens exposed to 1-MHz ultrasound at 10 ø C and at 1-and 16-atm hydrostatic pressure were determined for the intensity range 86-289 W/cm 2. The change in the exposure duration for 50% of the specimens paralyzed resulting from pressurization to 16 atm was negligible at 86 and 144 W/em 2 but was almost a factor of 2 increase at 289 W/era 2. Pressurization suppressed the observed half-harmonic received signal at all intensities. These results suggest that eavitation may influence the production of the hind limb paralysis produced in the neonate at 1 atm and at 289 W/em 2.
INTRODUCTION
Though ultrasound is a well-established clinical diagnostic and therapeutic tool providing important benefits to the patient, the full range of biological effects that can be produced by ultrasound are neither completely known nor fully understood. It has been established that heat generated in the body of exposed tissue by absorption processes can be used to obtain a desired therapeutic effect, as in diathermy and hyperthermia, though undesirable effects can also occur with overexposure (Lehmann, 1982) . Other mechanisms by which ultrasound may produce alterations in tissues are less well understood. A much discussed mechanism is ultrasonically induced eavitation because of its role in producing biological effects in vitro (Ciaravino et al., 1981) and in plant systems (Carstensen et al., 1979) , and because it is a phenomenon likely to be present when liquid and liquidlike media are exposed to ultrasound. The occurrence of eavitation in animal tissues at very high intensities has been reported by several investigators (Fry et al., 1970; Dunn and Fry, 1971; Chan and Frizzell, 1977) . However, the question regarding the occurrence of cavitation in animal systems due to clinical exposures has not been dealt with in a satisfactory manner.
Recent reports have provided evidence of bubble formation in vioo at 0.75 MHz and therapeutic intensities, suggesting the potential for biological effects being produced from cavitation occurring in tissues (ter Haar and Daniels, 1981; ter Haar et al., 1982). It has also been inferred, from detection of half-harmonic emission, that transient eavitation occurred in pig muscle in vioo above 75 W/em 2 continuous wave ultrasound (Soremet and Pounds, 1982). However, these studies did not look for evidence of biological effects related to the observed, and presumed observed, bubble phenomena.
Herein we report, in response to ultrasonic exposure, (1) the observation of a shift in the threshold for hind limb paralysis in the mouse neonate at 289 W/cm 2 and (2) a concomitant decrease in half-harmonic emission when the hydrostatic pressure is increased by 1 5 atto. Taken together, these effects are suggestive of the presence of cavitation as a ')Present address: 13532 Kornblum, # 110, Hawthorne, CA 90250. mechanism contributing to the paralysis observed at 1 atm. Further, the threshold was virtually unchanged with pressurization at 86 and 144 W/cm 2 suggesting that cavitation may not contribute significantly to the paralysis at 144 W/ cm 2 and lower intensities.
I. METHODS
The irradiation procedure was similar to that developed earlier (Dunn, 1958) . ICR [Hap: (ICR)BR Harlan Industries, Inc., Indianapolis, IN] mouse neonates were harvested within 24 h of birth, anesthetized by cooling on ice, and irradiated with I-MHz unfocused ultrasound in a 10 øC bath of degassed, Ringer's solution. In preparation for irradiation, the animals were mounted in a special specimen holder, and the dorsal skin overlying the lumbar region was removed. A high-intensity back light and optical microscope were used to align the animal such that upon placing the holder assembly in the ultrasonic irradiation tank, the dorsal side of the animal was exposed to the ultrasound, in the farfield of the source, with the beam centered on the third lumbar vertebral section. This region of the cord contains a high density of the neurons and fibers associated with hind limb motor function.
The irradiation tank (see Fig. 1 ) consisted of a cylindrical, thick wall stainless steel chamber (axis aligned horizontally) with the transducer mounted at one end and with a castor oil absorption chamber, behind a rubber barrier, at the other end. The transducer was a 1-MHz fundamental 3.18-em-diam aperture quartz disk mounted in a stainless steel housing (no focusing). At the location of the specimen, the transverse width of the ultrasound beam, to points of 95% of peak intensity, was approximately 3 ram, ensuring a spatial variation of intensity of less than 5% over the third lumbar vertebral section. The beam profile and the spatial peak sound intensity were determined using a calibrated thermocouple probe (Fry and Dunn, 1962) . Access to the irradiation chamber was through a port in the top which could be capped off for increasing the hydrostatic pressure. The chamber was submerged in a commercial deep freeze unit filled with ethylene glycol, which was maintained at . The electrical leads for the above mentioned units, and those to the cavitation monitors (described below), entered the chamber through specially constructed feedthroughs built to withstand elevated pressures. Pressurization was accomplished using compressed air from a highpressure tank, and a 500-psi regulator was used to control the flow of the air such that pressurization was completed in approximately 4 min. Air release was controlled by a separate value to accomplish decompression, which took approximately 12 min in the early portion of the study but was later reduced to about 9 min with no sign of adverse effects. The electronics for driving the transducer consisted of a Wavetek model 3006 synthesized signal generator with attenuator, which fed a mixer controlled by an accurate counter to pass the signal for the desired exposure duration (see Fig. 1 ). The gated rf pulse was amplified by a 500-W Electronic Navigation Industries model A-500 wideband amplifier and fed through a matching and feedback network to the transducer. The feedback signal was amplified and used to control the amplitude of the signal from the signal generator to maintain the necessary voltage on the quartz transducer to produce the desired sound intensity at the specimen. could be used at atmospheric pressure and at 16-atm pressure since a port through its housing ensured that no pressure gradient across the ceramic element developed at elevated pressures. The broadband commercial monitor could be used only at atmospheric pressure.
The monitors were mounted in the irradiation tank such that their focal regions were centered on the third lumber region of the specimen. Signals from the monitor transducers were amplified 20 dB by a Hewlett-Packard model 461A wideband amplifier and the spectral components were observed using a Hewlett-Packard 8553B spectrum analyzer. An oscilloscope camera was used to record the observed acoustic spectra.
After irradiation, Or irradiation and decompression when elevated hydrostatic pressures were used, the animal was removed from the tank, warmed in a water bath, maintained at 34.5 øC, for approximately 4 min, and tested for hind leg paralysis by .stimulating motor activity by gently pinching the hind feet, the tail, or the abdomen. During the initial phases of the study the only test for paralysis was made after the 4-min warming period, since no form of recovery had been observed previously. Later in the study it was found that some paralyzed animals held well beyond the 4 min, to provide for longer times prior to sacrifice for electron microscopy studies, recovered motor function. Subsequent to this finding, all paralyzed animals were placed under a warming lamp to maintain body temperature and were examined periodically to determine if, and when, motor function returned.
The following procedure was employed to determine the exposure conditions for 10%, 50%, and 90% occurrence of paralysis, either reversible or irreversible. Approximately 25 specimens were irradiated at each of several exposure durations, at a specified intensity. The percentage paralysis was computed, from these data, at each duration and a probit analysis (Finney, 1952 ) was performed to determine the 10%, 50%, and 90% paralysis exposure durations at that intensity. The procedure involved conversion of the percentage paralyzed at each exposure duration to probits, producing a linear relation which was determined using linear regression methods, between the probit value and the reciprocal of the exposure duration. The coefficient of determination r •, which indicates the goodness of the fit, was greater than 0.97 for all intensities except 105 W/cm 2 where the value was 0.87. By converting points on the linear fit, derived using probits, back to points using percentage paralyzed, a sigmoid curve was generated as illustrated by the solid curve of Fig. 2 , which shows the results of this procedure at 144 W/cm 2, 10 øC, and 1 arm. The dashed lines mark the 10%, 50%, and 90% paralysis exposure conditions. The exposure conditions for 50% occurrence of paralysis define the threshold conditions. Figure 3 shows the threshold exposure duration for irreversible paralysis at 289 W/cm 2 which was found to be 0.33 s. This is a 27% longer exposure duration at threshold than that for reversible paralysis.
The 0.5-MHz narrow-band acoustic monitor showed that, at atmospheric pressure, a half-harmonic signal was present at all intensity levels employed. Table II shows the difference in received signal levels obtained with and without the holder and mouse present. These data were obtained at exposure conditions sufficient to cause paralysis in 90% of the animals, rather than at the 50% occurrence level, as these signals were more stable at the longer exposure durations. It is readily seen from Table II that Table  III . The second, third, and higher harmonics were observed to be present at significant levels for all the cases examined. Table III that Also, the nature, location, and distribution of cavitation nuclei need to be determined in order to begin to develop an understanding of the origin and influence of ultrasonically induced cavitation in mammalian tissues in vioo.
It is seen in

